The aim of this systematic review was to analyze studies characterizing vulnerable coronary plaques using optical coherence tomography (OCT) and intravascular ultrasound (IVUS), in order to identify the most efficient invasive technique permitting plaque characterization in patients with acute myocardial infarction. Method: A total number of 432 studies were identified, 420 through database searching and 12 through manual searching. Eight duplicate studies were removed, leaving a total number of 424 studies to be screened. Twenty-six studies only available in abstract-only form were excluded, resulting in 398 studies checked for eligibility. Eleven studies fulfilled the eligibility criteria and were included in this systematic analysis. Plaque 
INTRODuCTION
Acute coronary syndromes (ACS) are a major healthcare problem, as they are currently responsible for the majority of cardiac deaths worldwide. Despite significant efforts for the implementation of preventive measures to reduce the burden of cardiovascular diseases (CVD), mortality associated with CVD comprises more than 30% of global deaths. 1 The vast majority of ACS cases result from the rupture of a previously stable coronary plaque unexpectedly becoming vulnerable and unstable. 2 Prompt identification of vulnerable coronary plaques can lead to timely revascularization of the lesion and plaque sealing with a coronary stent. This protects the plaque from rupture and prevents the development of an acute coronary syndrome. 3 Such a strategy implies well-timed recognition of a vulnerable plaque, and many studies have been directed at exposing certain plaque features associated with a higher degree of plaque vulnerability.
Plaque vulnerability results from complex pathophysiological mechanisms that lead to changes in plaque structure and morphology. 2 In unstable coronary plaques the percentage of "unstable components" such as fatty tissue and necrotic core increases, while the amount of "stable components" such as fibro-fatty tissue or calcific tissue decreases. The fibrous cap becomes thinner, predisposing the plaque to rupture. 4, 5 A vulnerable plaque is defined as a plaque prone to rupture. Because the rupture of the protective fibrous cap exposes the plaque content to circulating blood thrombogenic components, thrombus formation occurs at the site of the lesion. 6, 7 Alterations in plaque structure, indicative of a vulnerable plaque, are identifiable using contemporary imaging technologies including Cardiac Computed Tomography Angiography (CCTA), optical coherence tomography (OCT), intravascular ultrasound (IVUS) and virtual histology intravascular ultrasound (VH-IVUS).
Plaque imaging -features of vulnerability
A coronary atheromatous plaque becomes unstable on exhibiting a large necrotic lipid core and a thin fibrotic cap, which is invaded by macrophages. [8] [9] [10] [11] [12] There may be associated active vascular remodeling, a process characterized by enlargement of the vessel diameter at the site of the plaque and the presence of spotty calcifications within the plaque. 9, 13 invasive and noninvasive imaging techniques for Plaque characterization CCTA is currently the most common used technology for the noninvasive assessment of coronary atherosclerotic plaques. This technique has the unique ability to identify the presence of low-attenuation atheroma or napkinring sign within the plaque, described as a ring-shaped area with a low density upon CT examination, which is surrounded by a high-density attenuation. These features have been demonstrated to be associated with culprit plaques and a high rate of adverse cardiovascular events. [16] [17] [18] [19] [20] Near-infrared spectroscopy is another invasive imaging method that has been proposed for studying the lipid content of coronary plaques. However, it has not been implemented on a large scale in clinical practice. 21, 22 The aim of this systematic review was to perform a systematic analysis of the studies characterizing vulnerable plaque features visualized using invasive imaging methods such as optical coherence tomography and intravascular ultrasound, in order to identify the most efficient invasive technique that can be used for plaque characterization in patients with acute myocardial infarction.
METHODS
The present study was performed using the methodology described in the Preferred Reporting Items for Systematic 
Plaque features analysed
The following plaque features were identified: a) IVUS-derived features:
• external elastic membrane cross-sectional area (EEM CSA) and luminal cross-sectional area (CSA)
at the reference site;
• EEM CSA and luminal CSA at the location of the lesion;
• plaque plus media CSA;
• plaque burden;
• remodeling index and the presence of positive remodeling.
b) VH-IVUS-derived features:
• area and volumetric percentage of necrotic core;
• fibrotic tissue;
• fibro-fatty tissue and calcific tissue; c) OCT-derived features:
• thickness of the fibrous cap;
• lipid arch;
• lipid length;
• presence and extent of microvessels;
• macrophages; • calcifications;
• plaque rupture;
• TCFA and thrombus.
statistical analysis
The reported variables characterizing coronary plaques are presented as either the mean (SD) for the normally 
RESuLTS

results of the database search
A total number of 432 studies were identified, out of which 420 through database searching and 12 through manual searching. After eight duplicate studies had been removed, 424 studies were screened. Twenty-six studies were excluded, as they were available in abstract-only form, resulting in 398 studies being checked for eligibility. Only eleven studies fulfilled the eligibility criteria and were included in the analysis (Figure 1) .
A total number of 1,568 coronary plaques from 1,225 patients with acute coronary syndromes who underwent both IVUS and OCT for analysis of plaque features, were analyzed ( Table 1 ). The structure of the systematic review is summarized in Figure 2 .
Part 1 of the systematic review addressed the topic of TCFA in vulnerable coronary plaques. It consisted of the analysis of five studies reporting on a total of 368 coronary plaques assessed by OCT and IVUS in 261 patients. 15, 19, 20, 22, 25 Part 2 compared the IVUS-and OCT-derived plaque characteristics in 587 ruptured versus non-ruptured cor- Tian et al. 20 Takahashi et al.
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Kato et al. 27 Yonetsu et al. Table 2 . (Table 3) .
Plaque features in ruPtured versus non-ruPtured coronary Plaques
Four studies analysed IVUS and OCT plaque features in ruptured versus non-ruptured coronary plaques (Table   4) 
Plaque features in culPrit versus non-culPrit lesions
In the two studies included in this analysis, IVUS and OCT examinations identified the following features as significantly associated with culprit lesions (Table 5 ):
• a higher EEM CSA at lesion level (p = 0.01);
• a lower luminal CSA (p = 0.001);
• greater plaque burden (p <0.0001) shown by IVUS;
• the presence of TCFA (p <0.01);
• lipid arch (p = 0.02);
• plaque rupture (p <0.01);
• thrombus (p <0.01) shown by OCT.
Plaque features in liPid-rich versus non-liPid-rich Plaques
In all three studies including lipid-rich vs. non-lipid- In the current analysis, two studies identified a new parameter, the attenuated plaque by IVUS, as a feature of plaque vulnerability. 19, 31 In the scope of this systematic review, these attenuated plaques were considered as lipidrich plaques, as a higher fatty content is associated with lower plaque density at both CCTA and IVUS. 9, 12 While a large number of studies used IVUS-alone or OCT-alone assessment of coronary plaques, or compared these two techniques with CCTA, few studies addressed vulnerable plaque characterization using both technologies. In an emergency setting, it may be difficult for an operator to choose between the two techniques, as to a significant extent, the information revealed by the two techniques are complementary, and the utilization of both techniques would lead to a significant increase in procedure cost. While IVUS examination can provide a useful quantification of plaque size and components, OCT is gold-standard for the measurement of the fibrous cap, one of the most significant predictors of plaque vulnerability, and is the only method that can visualize, with a good resolution, macrophage infiltration, microvessels and intracoronary thrombi. In a comparative study of IVUS and OCT in patients with ACS, it was reported that intracoronary thrombi, resulting from the rupture of a culprit plaque, could be identified more often using OCT than with IVUS. 27 In contrast, OCT is not considered suitable for identifying vascular remodeling of the culprit plaques, even though it can assess the coronary wall with a higher degree of accuracy than IVUS. 
